ay es 


ry ' 
he ay 


TG, CCCHLY Ge ova die 





ANSST BW TAT 


Yrs ‘a 
he, a Ll ah rd 


mw € hf 
why, “mae 
domipal 770) a a 


ms MUO 7») “ At ey 27) wore oT) et | 


bso Sl ORE 2 Ol ° a 


nS | tl Lidell 
as’ SONEANS Stl 


cs, C NOULLV.ULAL ETS 


t ‘Sony. Abels BM ANALV 





a | 1.144) Ao soo 


GY Pp 


SUNGLVa HOT ya aly ME 


iy 





ALLS havo 





wu 00 0 “OMLATA 


——— ne 


SLA AST” 





ee Re, ie Oe A 


S9PaoacTcTIsI Catron. 


TO ALL VHOU IT 22aY COUCLEN: 

Be it know tat I NIZOLA TESLA en engineer re- 
Siding at The valdorf Astoria, corner Fifth Avenue and 
Thirty Fourta Street, in the Borougn of aennettan, City 
and Stace of Dew York, United States Of America, having 
invented certain new and useful immrovcrents in FLUID 
FRUPULSIOU, do hereby declere the following is « full, 
clear and exect description of the sare. 

In tre nrecticzl avplicetion of mechanical power 
based on the use of a fluid as venicle of energy it has 
been demonstrated tint, in order +o nttain the nignest 
econony, tie changes in velocity and direction of move- 
mens of the fluid should be as graduel as possible. In 
the present forms of such experazus more 2r less sudden 
changes, shocks end vibrations, are wnavoideble. Besides 
the explosment of the ususl devices for ~=parting <o, 
or derivin: energy from a fluid, as pistcns, pad les, 
vanes ard biades, necessarily insrséuces numerous de- 
fects and limitations and adés to the cozplica*tion, cost 
of rroduction and mainterance of she rcachine. 

The object of my invention is +o overcone these 
deficiencies and to effect the tronsnission and trans- 
formation of rechanit:1 energy through the esency of 
fluids in a more verfect manner, end by meang ¢cinvler 
anc more economicel than ¢:ose heretofore erployed. 

I accomplish this by ceusing the propelled or 
propelling fluid to move in natural paths or streem 
lines of least resistcnce, free from constraint and 
disturbance such 4s occasioned by vanes or kindred de- 
vices, and to chanre its velocity and direction of move- 
ment oy imperceptible degrees, t::us avoiding the losses 
due to sudden veriations while the fluid is recciving 
or imparting energy. 

It is well kmotm that a fluid possesses, among 
otners, tuo selient prorerties; adnesion and viscosity. 


Qwing to trese a Dody prope sed chrcugi Such a meliux 
encounters a peculiar impedizent «nown is Flateral" cr 
"clin resistance”, whicn is twv-fold; one arisirsg from 
+yne snock of the fiuid against tne asperities of the 
solid sucstance, tre ctner from internal forces oppos-~ 
ing molecular separation. As ean inevitaole consequence 
a certain amcunt of tne fluid is dragged along by tne 
movins body. Conversely, if the sody de placed ina 
‘luid in motion, for the sare reasons, iz is impelled 
in the direction of moverent. 

“rege etfects, in themselves, are of daily ob- 
servation, put I celieve tnat I am the cirst to apply 
them in a practical and economnicei marsz.er of fluid pro- 
pulsion. The nature of xy discover; end tte principles 
of construction of tre apvaratus wr.ich I have designed 
for carrying it out, I small now prczeed +0 describe 
by reference to the accompanying drawings which illus- 
trate an operative and efricient embodiment of the sane. 

Vig. 1 is a partiai end view, and Fis. 2a ver- 
tical cross section oc? a& pusp or ccmpressor, which Fics. 
S$ and 4 represent, respectivel;, in corresponding views, 
a rotary engine or turtine, bot?. machines being ccon- 
structed and adapted to %e operated in accordance with 
my invention. 

Figs. 1 and 2 snow & runner composed of a plu- 
rality of flat rigid disks 1 of 4 Buitadle diameter, 
keyed to a shaft 2 and reld in position by a threaded 
nut 5, a shoulder 4 and washers 5 of tne requisite 
thickness. Each disk has a number cf central openings 
6, the solid portions between writn form spokes 7 pre- 
ferably curved, as shown, for the purpose of reducing 
the loss of energy due t2 the impact of tne fluid. 

This runner is mounted in a two-part volute cas- 
ing 8 having stuffing Soxes 9 and inlets 10 leading to 
its central portion. In addition a sradually widening 
and rounding outlet 11 is provided formed with a flange 
for connection to a pipe as usual. “ne casing 8 rests 
upon a base 12 shown onl; in part and supporting the 
bearings for the shaft 2, which being of ordinary con- 
struction are omitted from the drawings.- 

An understanding of the principle embodied in 
this device will be gained from tne following aescrip- 
tion of its mode of operation. 

Power teing applied to the shaft and tne runner 
set in rotation in the direction of the solid arrow, the 
fluid by reason of its properties of adnerer.ce and vis- 
cosity;,; upon entering through the inlets 10 and coning 
in contact with the disks 1 is taken hold of sy the seme 
and subjected to two forces, one acting tangentially in 
the direction of rotation, and the other radially out- 
ward. The combined effect of these tangential and cen~- 
trifugal forces is %o propel the fluid with continuous- 
ly increasing velocity in a spiral path until it reach- 
es the outlet 11 from which it is ejected. This spiral 


z 


reverent, free and undisturbed and essertialiy dapend- 
ent on these properties of tne fluid, permitting it to 
adjust itself to natural ctaths or stream lines and toa 
crange its velocity and direction hy insensitle decrees, 
is cnaracteristic of this method of frorulsio: and éad- 
vantazeous in its application. 

Wnile traversing the chamver enclosing the run- 
ner, tre particles of tie fluid may complete one or morse 
turns, or cut arart of one turn. Inan™ given case 
their path can te closely calculated and sraphically 
represented, out fairly accurate eStimates cf turns 
san be obtained simply by determining ti.e number of 
revolutions required to renew the fluid yessing through 
the chamber and multiplying it sy tne ratio cretween 
the mean speed of ~..e fluid and tnat of tne disks. 

I have found that the quantity of fluid pro- 
pelled in tris manner is, other conditions being equal, 
approximately proportionate tc tre active surface of 
the runner and to its effertive speed. Por this reason, 
the performance of such machines aurpments at an exceed- 
ingly nigh rate with the increase of ti.eir size and 
speed or revolution. 

Tne dimersicns ot tne device as a wnole, and 
she spacing of tre diszxs in any given machine will ne 
determined cy tre conditions and requirezents of spec- 
ial cases. It may ce stated that the intervening dis- 
tance should be tne greater, tne larger tne diameter of 
the disks, the longer the spiral path of txe fluid and 
the greater its viscosity. In general the spacing 
should be such that the entire mass of «ne fluid, be- 
fore leaving the runner, is accelerated *9 a nearly 
uniform velocity, not much below trat of the peripsery 
of the disks under normal worxing conditions end almost 
equal to it when the outlet is closed and *:.e purticles 
move in concentric circles. 

It may also be pointed out chat such a pump can 
be made without openings and spoxes in tne runner, as 
by using one or more solid disks, each in its own cas- 
ing, in which form the machine will oe eminertly edapt- 
ed for sewase, dredging and the lixe, when tae water is 
charged with foreign bodies and spokes or vanes especial- 
ly objectionable. 

Another application of this principle whica I 
have discovered to te not only feasible, tut thorough- 
ly practicable and efficient, is the utilization of 
=achines such as above described far tzxe compression or 
rarefaction of air, or gases in general. In such cases 
4t will be found that most of the «eneral considerations 
obtaining in the case of liquids, pvroperiy interpreted, 
nold true. 

When, irrespective of the character of the fiuid, 
considerable pressures are desired, staging or compound- 
ing may be resorted to in the usual way the individual 
runners being, preferably, mounted on the sane shaft. 
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It should be added that the same erd may ve attained 
with one single runner by suitasie deflection of tne 
fluid through rotative or stationary passages. 

Tre principles underlying the invention are 
capable of embodiment also in that 7ield oc mechanical 
enjineering whicr is concerned in tne use of fluids as 
motive agents, ‘or while in some respects the actions 
in the latter case are directly oppesite to those met 
with in tne propulsion of fluids, tne fundamental laws 
applicable in tne two cases are sne same. In cther 
words, tze operation arove descrived is reversitle, 
for if water or air under pressure pe admitted to the 
opening il tne runner 43 set in rotation in the direc- 
tion c® tne dotted arrow oy reason of tne peculiar 
properties of the “lnid wnier, travelling ina spiral 
patn and with continuousl; diminishing velocitr, rei.ch- 
es tne orifices 3 cnd 19 througn wich it is discharg- 
ed. If the runner de allowed to turn freely, in near- 
ly frictionless bearings, its rin will attain a speed 
closely approximating tne maximum of that of the fluid 
in the volute channel and tne spiral path of tne pearti- 
eles will ve comparatively loré» consisting of many al- 
most circular turns. If load is put on and the runner 
slowed down, the motion of the fluid is retarded, the 
turns are reduced, and the patn is shortened. 

owing to a number of caus¢s affecting the per- 
formance, it is difficult to frame a precise rule which 
would be generally applicable, put it may be stated 
that witnin certain limits, and otner conditions being 
the same, the torque is directly proportionate t9 the 
square of the velocity of tne fluid relatively to the 
runner and to the effective area of the disks and. in- 
versely, to the distance separating tnenm. Tye machine 
will, generuily, perform its maximus work when tne ef- 
fective speed of tue cunner is one half ef tnat of the 
fluid. But to attain tne highest econory tne relative 
speed or slip, tor any given performance, should be as 
small as possitle. Tnis sondition may se to any desir- 
ed degree approximated by increasing tue active area 
and reducing the space oetween tne disSxs. 

When apparatus of the kind described is employ- 
ed for tne transmission of power certain departures 
from similarity between transmitter and reciver may be 
necessary for securing the pe+- result. It is evident 
that, when transmitting power from one shaft to anotner 
by such machines, any desired ratio cetween the speeds 
of rotation may he optained by proper selection of the 
diameters of the disks, or by suitably staging the trans- 
mitter, tne receiver, or both. Put it may oe pointed 
out that in one respect, at least, the two machines are 
essentially different. In tre puzp, the radial or sta- 
tie pressure, due to centrifugal force, is added to the 
tangential or aynamic, thus jnucreasing the effective 
head and assisting in the expulsion of tne fluid. In 
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tne motor, on the conotrery, tre first ramed pressure, 
cCeling opposed to thet of supply, reduces the effective 
head and the Velocity of radial flow tcwards the center. 
#gain, in tne propelled machine & great torque is al- 
Ways desiratle, this caliing for an increased number 

of disxs and sraller distance of Séraration, while in 
the propelling machine, ‘cr hRamerous economic reasons, 
the rotary effort oi.quld te the srallest and the speed 
the greatest fracticable. Many other considerations, 
whicr. will naturally sugpest themselves, may arfect 

tne dei,n and construction, rut tre preceding is thought 
to contain all necessary informatior, in this regard. 

The greatest value of this ssventicn will te 
Tound in its use for che thermo-d: namic c:onversion of 
energy. Reference is now mide +e Sires. 3 and 4, illus- 
trative of tie manner in whicr it is, cr muy te, so 
applied. 

AS it tre previuus Si,ures. 2 rumner is provid 
ed made up «f disxs 12 with openings 14 and spokes 15 
wnicn, in this scese, May te stréist:t. The disks are 
keyed t° and held in Position on ae sraft 16, mounted 
to turn freely; in suitable bearings, not snown, and are 
Separated ty wasners 17 contormirg in srape with the 
spokes and firrdy united trereto sy rivets 1&. Yor 
the sake of clearness but 2 few disks, with compara- 
tively wide intervening spaces, are indicated. 

The runner is mounted in a casing comprising 
two end castings 1° witk outlets 20 and stuffing boxes 
21, and a central ring 22, wnich is bored out to a 
circle of a diareter Slightly larger than that of the 
disks, and nas flanged extensions 235 and inlets 24 in- 
to which finished ports, or nozzles, 25 wre inserted. 
Circular grsoves 26 and labyrintn packings 27 are pro- 
vided on the sides of the runner. Supply pipes 28, 
with valves 29, are connected to tne flanged extensions 
of the central.ring one o2 the veives being, normally, 
ci.0sed. 

With the exception of certain Ferticulars, which 
will be hereinafter elucidated, tre mode of operation 
will be understood from the preceding description. Steam 
or gas under pressure being allowed to pass tnrough the 
Valve at the side of the solid arrow, the runner is set 
in rotation in clockwise direc+ion. 

In order to bring out a distinctive feature as- 
Sume, in the first place, that the motive mediur is ad- 
mitted to the disk chamber through a port, that is, a 
channel which it traverses with nearly uniform velocisy. 
Tn this case, the machine will operéte &8 a rotary en- 
Eine, the fluid continuously exparding on its tortuous 
path to the central outlet. The expansion takes place 
chiefly along the epiral path, for the spread inward 
is opposed by the centrifucal force due to tne velocity 
of whirl ord by the great resistance ¢o radial exhaust. 
It is to be observed that the resistance to tne passage 
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of tne fluid between the plates is, approximately pro- 
portionate to the square os tie relative speed, whicn 

is maximum in the direction towards thse center and equal 
to the full tansential velocity of tne fluid. Tne path 
of least resistance, necessarily taken in osedience to 

a universal law of motion is, virtually, also tnt of 
leas* relative velocit;. 

Next, assume that the fluid is aimitted to the 
disx themoer not through a port, but a diverging noz- 
zle, a device converting, wholly or in part, the ex- 
pansive into velucity-energy. The macnine will then 
work ratner like a turbine, absorbing the energy of 
kinetic momentum of the particles as they whirl, ith 
continuously decreasing speed, to tne exnaust. 

The above description of the operation, ! may 
add, is suggested by expertence and observation, and is 
advanced merely for the purpose of explanation. The 
undeniable fact is that the machine does operate, 20th 
expansively and impulsively. When the expansion in the 
nozzle is complete, or nearly so, the fluid pressure 
in the peripheral clearance space is sm.ll; as the 
nozzle is made less divergent and its section enlarged, 
the pressure rises, finally approximating that of the 
supply. But the transition from purely impulsive to 
expansive action may not be continuous throughout, on 
account of critical states and conditions and compara- 
tively great variations of pressure may be caused by 
small changes of nozzle velocity. 

In the preceding it has ceen essumed tnat tne 
pressure of supply is constant or cortinuous, but it 
will be understood tnat the operation will be, essen- 
tially, the same if the pressure vce fluctuating or in- 
termittent, as tnat due to explosions occurring in nore 
or less rapid succession. 

A very desirable feature, characteristic of 
machines constructed and operated in accordance with 
this invention, is their capability of reversal of ro- 
tation. Pig. 3, while illustrative of » special case; 
may be regarded as typical in this respect. If the 
right hand valve be shut off and the fluid supplied 
through the second pipe, the runner is rotated in the 
direction of the dotted arrow the operation, and also 
the performance, remaining the same as tefore, the 
central ring being bored to a circle with this purpose 
in view. The same result may be obtained in many other 
ways by specially designed valves, ports or nozzles 
for reversing the flow, the description of which is 
omitted here in the interest of simplicity and clear- 
ness. For the same reason3s but one operative port or 
nozzle is illustrated which might be adepted to 4 vo- 
lute but does not fit best a circvlar bore. It will 
be understood that e number of suitabis inlets may be 
provided around the periphery o- the runner to improve 
the action and that the construction of tne machine yay 
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ve modified in mary Ways. 

Still anotuer valuable and protacly unique 
quality ec sucr motors or srime movers ray née Gesecrict- 
ed. =: proper censtructica <::.0 ocservernce OF WOTAINE 
-onditions tke centrifugal Freseure, cprosine tne Fass- 
age of the fluid, my, a3 alread; ‘vdic.ted, te nade 
nearly equal ts the pressure cr SUppay ‘whan the macn- 
ine is running idle. If tne inlet section tre large, 
sm2ll cnames in the speed of revclutuor will produce 
great differences of flow whiien ere further enharced 
Dy the concommnitter’t Joriati ons in tne lengtr. of tne 
spiral path. & self-rerulating meacrine is cnus ontain~ 
ei bearing a striking resexclence to @ darect-current 
electric motor in this rspect trnet, witn great difrer- 
encee of impressed pressure in a wide open channel the 
flow of the fluid through the same 15 prevented oy 
virtue of rotation. ance the centrifusai head in- 
creases as tr.e square of the revolutions. or even more 
rapidly, and wits modern hich grade steel great peri-~ 
pheral vesocities are practicable, it is possibse to at- 
tein that condition in a single stage mazhine, more 
readily if tne runner be of large dianever. Oovicusly 
this problem is facilitated by scupoundins, as will be 
understcod by those skilied in thse art. Irrespective 
of its bearing on economy, tais tendency weich is, tod 
a degree, common to motors of tre above description, 
is of special advantage in the cperetion of large units, 
as it affords a safeguard agains® running &way and de2s- 
truction. 

Resides these, sucha prime mover possesses 
many other advantéeges, both constructive and operative. 
It is simple, light and compact, subject to but little 
wear, cheap and exceptionally easy to manufacture as 
small clearances and accurate milling work are not es- 
sential to good performancs. Is operation it is re- 
liable, there being 10 velves, sliding contacts or 
troublesome vanes. It is almost free of windage, larze- 
ly independent of nozzle efficiency and suitable for 
high as well as for low fluid velccities and speeds of 
revolution. 

It will te understood that sne principles cf 
construction and operation ebove gjeneraily set forth, 
are capable of emsodiment in machines of ths zost wide- 
ly different forms, and adapted for the greatest variety 
of purposes. In my rresent application I have scugnt 
to describe and explain only the general ani typical 
applications of the principle whicn I telieve I am the 
first to realize and turn to useful account. 


Paving now particularly descrited ad ascer- 
tained the nature of tnis said invention, and in wat 
manner tne same is to ve performed, I dezlare way war 
I tleim is: 


5. The method of imparting enersy to or deriv- 
ing it from a4 fluid, vased on adnesive and visccus ac- 
tion, whicn consists in admitting the fluid to tre cen- 
trai or peripheral portion or 4 rotacly arranged system 
and causing it to flew, under the combined action of 
radial and tanzential forces, in a spiral path ‘owards 
she peripnery, oF tre axis, of tne rotating system, && 
set fortn. 


2. As an irprovement in tne transmission of 
power tne method cf imparting enercy ¢g or deriving it 
frem a fluid, hased on adhesive enc viszuus Acros, 
whicn consists in causing the fluid to f107; vnaer the 
comoined action of radial and tanrential sorces,» in 
eurved paths away from, or towards the ixis of a rota- 
bly arran,;ed rigid system, 45 set fortn. 


z, he method of imparting enere?y to or dersv- 
ing it from a fluij, vased on adresive and viscous ac- 
sion, which consists in admitting the fluid to the 
sentral or peripneral portion of a rotably arranged 
system and causing it to +10Ws under tne sombined ac- 
tion of radial and tanvential forces, ina spiral path 
with gradually increesing or diminisning valocity to- 
wards tne peripnery, or tne axis, of the rotating Sy5~ 
ten, as set forts. 


4. Tne method of derivine enerey “rom a moving 
fluid, vased on adnesive and yvyiszous action, wnich con- 
sists in admitting tne fluid to tre peripheral portion 
of a runner and causing it to give up 1v5 energy of 
movement while flowing with continuously diminisning 
velocity iné spiral path towards the axis of the run- 
ner, as set forth. 


5. ne metnod of imparting enerzy to a fluid, 
based on adhesive and viscous action, which consists 
in aamitting tne fluid to the eeatral portion of a run- 
rer and causing it to flow, vy the sombined effect of 
the tanrfential and redial forces,» in a spiral path with 
continuously increasing velocity towards tne periphery 


of tne runner, as set forth. 


6. A fluid propelling or fluid propelled mach- 
ine consisting in the combination of @ snart, 2 plural- 
qty of disks spaced apart and mounted 02 the same, and 
ports or passages of inlet and outlet adjacent to tne 
senter and peripnery of said disks, as set forth. 


7. A fluid motor or engines comprising in conm- 
bination a plurality of staced plane rotaoiy mounted 
disks, and msans for admitting or discharging tne fiuid 
at the center and peripher: of saia disks, es set forth. 


& sa fluid prepelled machine ccmprising in con- 
bination a plurality of spaced plane rotaoly mounted 
diszs, an enctlcsing easing and ports cr passages of in- 
let and cutlet at the center and periprery cf the cas- 
ing, as set furth. 


9. A fluid motcr or engine comprising in cor- 
tination a rumner tcmopcesed of a plurality or disks ro- 
tabiy zounted with intervesin: spaces, and a casing en- 
closing the runrer frovided with ports or passages of 
inlet and cutlet at the exis and periphery of the run- 
ner respectively, as set fcerth. 


10. A fluid motor or engine corprising in conm- 
bination a runner composed cf a plurality of disxs mount- 
ed at intervals and forsed with cpenings near their 
centers, and means for admitting a liquid to or dis- 
charging it from the spaces voetween tt.e disks and lo- 
eated respectiyely at tre center and periphery of tne 
same. 


ll. A thermo-dynemic converter comprising a 
shaft, a plurality of disks spacei thereon, an inlet 
for the motive fluid at the periphery cf the disks avd 
tangential thereto, and an outlet at the central por- 
tions of the same, 2s set forth. 
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